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Abstract 

   
South Kalimantan has a large dry land. It is classified as acidic and has the potential for agricultural cultivation, 

especially food and horticulture crops. However, the problem with its use as agricultural land is the low level of 

soil fertility. This is evidenced in its low content of soil organic matter, acidic soil pH, low soil CEC, low soil 

exchange bases, high Al and Fe content. This study aims to improve soil chemical properties in acid dry land by 

the application of livestock manure and edamame harvest waste (EHW). It was compiled using a Nested 

Factorial Randomized Block Design, where the edamame harvest waste was nested in livestock manure. The 

treatment level of the first factor was chicken, cow, and goat manure, while the second was 0%, 25%, 50%, and 

75% EHW. The results showed that the treatment of 100% chicken manure + 0% EHW increased soil pH by 9% 

compared to 25% chicken manure + 75% EHW. Furthermore, treatment of 100% goat manure + 0% EHW 

increased soil pH compared to 50% goat manure + 50% EHW and 25% goat manure + 75% EHW by 11.69% and 

14.28%, respectively. The treatment of 100% chicken manure increased soil organic C by 38.16% compared to 

25% chicken manure + 75% EHW. Meanwhile, the treatment of 100% goat manure increased soil organic C 

compared to 50% goat manure + 50% EHW and 25% goat manure + 75% EHW by 36.23% and 55.83%, 

respectively.  
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Introduction 

On a global scale, about 30% of the total land area is 

acid dry land spread in the tropics and sub-tropics 

(Takala, 2019). This land has the potential to be 

developed into agricultural land, but there are many 

obstacles in its development, such as being 

phytotoxic. This causes nutrient deficiency, 

unavailability of important nutrients such as calcium, 

magnesium, and phosphorus, as well as the toxicity of 

aluminum and iron (Ritchie, 1998; Hede et al., 2001; 

Taye, 2007). The dominance of aluminum in ion-

exchange complexes of acid soil directly affects 

growth, specially cultivated plants (Kochian et al., 

2004). Furthermore, the increase in soil acidity and 

Al3+ occur due to intensive agricultural cultivation 

systems and continuous use of acid-forming inorganic 

fertilizers (Deressa, 2013). 

 

This condition causes a decrease in soil quality 

leading to loss of nutrients and a decrease in the 

availability of P, Ca, and Mg. Furthermore, it 

increases the solubility of toxic metals such as Al and 

Mn. These elements affect root growth and nutrients, 

water uptake and cause a decrease in microbial 

population and activity (Takala, 2019). It is 

accompanied by changes in soil pH since its 

productivity tends to decrease while the need for 

fertilizer continues to increase (Las et al., 2006; 

Yuliar, 2006). 

 

Generally, organic and chemical fertilizers are used 

with lime to overcome the low quality of the soil. 

Organic matter should be added to improve soil 

properties and aeration since it will be less prone to 

compaction compared to those with low organic 

matter. Furthermore, it is also useful in accelerating 

the activity of microorganisms, thereby increasing the 

speed of decomposition and accelerating the release 

of nutrients (Sutanto, 2004). 

 

The organic matter used includes either pre-harvest, 

harvest, and post-harvest agricultural waste. Hakim 

and Mursidi (1984) stated that the role of organic 

matter in the soil is the key to the success of dryland 

farming. However, returning crop residues is not 

enough to maintain soil organic C content in the 

initial conditions of 2-2.5%. Therefore, it is necessary 

to add other organic matter in the form of livestock 

manure, such as chickens, cows, goats, and others. 

 

The use of edamame harvest waste and livestock 

manure as organic matter is one alternative selected 

to improve soil properties as well as overcome 

scarcity and rising prices of commercial fertilizers in 

the market. Recently, the use of edamame harvest 

waste and livestock manure as soil organic matter is 

not optimally conducted.  

 

The test results from the Soil Laboratory of Faculty of 

Agriculture, Lambung Mangkurat University in 2020 

showed that the total N content in harvest waste in 

the form of edamame leaves was 2.27%, and in stalks 

and stems was 1.63%, with the C/N ratio of edamame 

harvest waste of 15.36%. Edamame harvest waste is 

also known to contain 0.34% P and 2.41% K. The 

production rate of edamame harvest waste is 

estimated to reach 3.3 tons ha-1. Therefore, it should 

be optimally used in further agricultural cultivation 

activities. 

 

Generally, livestock manure obtained from chickens, 

goats, and cows is directly used in agricultural 

cultivation activities, and it contains many important 

nutrients for plants. Chicken, cow and goat manure 

contains (1.5% N, 1.3% P2O5, 0.8% K2O), (0.3% N, 

0.2% P2O5, 0.15% K2O) and (0.7% N, 0.4% P2O5, 

0.25% K2O) (Lingga and Marsono, 1991) respectively. 

The potential of livestock manure is also large where 

cows, goats, and chickens produce manure of 15-25 kg 

day-1, 1-2 kg day-1, and 0.05-0.15 kg day-1 (Setiawan, 

2002). 

 

The use of edamame harvest waste and livestock 

manure should overcome land fertility problems in 

supporting efforts to increase production in a zero-

waste cultivation system. Furthermore, it has an 

economic value that is feasible to be applied since the 

production can be optimally increased, and the 

agricultural environmental ecosystem is easily 

maintained to increase farmers' income. 
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Materials and methods 

This study was conducted from June to October 2020 

at Gunung Kupang Trans Road, Banjarbaru City, 

South Kalimantan, and the Soil Laboratory of the 

Faculty of Agriculture, Lambung Mangkurat 

University, Banjarbaru, South Kalimantan. 

Furthermore, a randomized block design of nested 

classification was used. The first factor was the type of 

manure with three levels, namely chicken, cow, and 

goat manure. The percentage of edamame harvest 

waste (EHW) with four levels, namely 0%, 25%, 50%, 

and 75% EHW was the first factor. There were 12 

treatment combinations repeated three times. 

Therefore 36 experimental units were obtained. 

 

The dry land used was located on Gunung Kupang 

Trans Road, Banjarbaru City, South Kalimantan and 

was an acid mineral soil type (3o48'47" S and 

114o86'34" E). Furthermore, the initial soil analysis 

was carried out to determine the characteristics 

before being given treatment. The nutrient contents 

of livestock manure (chicken, goat, cow) and 

edamame harvest waste were also analyzed. 

Meanwhile, the total manure used was 49.5 kg each, 

while the edamame harvest waste was 148.5 kg. The 

dose of organic matter was 10 tons ha-1 (Saputra and 

Sari, 2021) used as a reference in determining the 

treatment combinations. 

 

Soil processing included clearing land, making beds, 

and lime application. The land was cleared of weeds 

using a machete, and the beds were processed using a 

hoe with a height of 20-25 cm, a bed size of 3 m ×3 m, 

and a distance between beds of 50 cm. After the beds 

were made, lime was applied two weeks before 

planting at a dose of 600 kg ha-1. 

 

The application was carried out by chopping the 

edamame harvest waste and then mixing it with 

livestock manure according to the treatment until 

evenly distributed. Furthermore, the mixture of these 

materials was sown into the beds, and the land was 

incubated for 14 days before sub-sampling was taken 

to test changes in soil properties. After incubation, 

the soil sub-samples were taken in each plot for 

laboratory analysis of changes in properties, including 

pH, exchangeable Al (Al-dd), organic C, CEC, NH4
+, 

NO3
-, available P, and exchange bases (K-dd, Na-dd, 

Ca-dd, Mg-dd). 

 

Data were analyzed using GenStat 12th edition to 

determine the effect of livestock manure and 

edamame harvest waste on changes in some chemical 

properties of dry acid soil. Furthermore, they were 

tested for homogeneity before being analyzed for 

variance with the F test at 1% and 5% significance 

levels. When the analysis of variance results showed 

an effect on the treatment given, it is continued with 

the Duncan's Multiple Range Test at a 5% significance 

level (Duncan, 1995). 

 

Results and discussion 

Characteristics of research soil 

The acid mineral soil used for study was Ultisols, and 

it had a clay texture, and the content of nitrogen, 

phosphorus, potassium, and organic C was very low 

(Table 1). This claim was consistent with the study of 

Prasetyo and Suriadikarta (2006) that stated the 

nutrient content of Ultisols is generally low due to 

intensive alkaline leaching. Meanwhile, the organic 

matter content is low due to the rapid decomposition 

process and partly carried away by erosion. 

 

The reaction (pH) of the soil was acidic, while the 

cation exchange capacity was moderate. This was 

because Ultisols from South Kalimantan developed 

from sedimentary rocks of sandstone and claystone 

with a soil cation exchange capacity of 3−18 cmol (+) 

kg-1 and a pH of 3.70−5.00 (Prasetyo and Suharta 

2000; Yatno et al. 2000; Prasetyo et al. 2001).  

 

Chemical characteristics of livestock manure and 

edamame harvest waste  

The pH of chicken and goat manure was alkaline, 

while that of cow manure was slightly alkaline. 

Furthermore, the nitrogen content of the three 

livestock manure types was very high. The organic C 

content of chicken and cow manure was very high, 

while that of the goat was high and the C/N ratio was  

low – very low (Table 2). 
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Table 1. Characteristics of dry acid soil used in the research. 

No. Parameter Unit Content 

1. Texture   

 Sand % 36.86 

 Dust % 20.11 

 Clay % 38.44 

 Very Fine Sand % 2.59 

2. pH (H2O)  5.49 

3. N-total % 0.10 

4. Organic C % 0.50 

5. CEC cmol (+) kg-1 18.05 

6. P2O5 ppm 4.72 

7. K2O mg 100g-1 7.34 

 

The pH of the three livestock manure types fulfilled 

the requirements based on the Minister of Agriculture 

Regulation No. 70/2011 on the requirements and 

registration of organic and biological fertilizers. 

However, the nitrogen content of the three livestock 

manure types did not fulfill the requirements. The 

phosphorus content that fulfilled the requirements 

was only chicken and goat manure. Meanwhile, the 

potassium content that fulfilled the requirements was 

chicken manure. 

 

Table 2. Chemical characteristics of livestock manure and edamame harvest waste. 

No. Parameter Unit Chicken 

manure 

Cow 

Manure 

Goat 

Manure 

Edamame Harvest Waste 

Leaf Stem 

1. pH (H2O)  8.68 8.46 8.96 - - 

2. N-total % 1.95 1.53 1.17 2.27 1.63 

3. Organic C % 6.94 8.30 3.15 29.67 28.74 

4. C/N ratio  3.56 5.42 2.69 13.07 17.63 

5. P2O5 % 4.88 1.65 2.08 - - 

6. K2O % 2.19 1.16 0.73 - - 

 

The edamame harvest waste fulfilled the 

requirements as green manure. This was because it 

has very high nitrogen and organic C content, and the 

C/N ratio was close to the soil C/N ratio (Table 2). 

The claim was consistent with Dahlianah's (2014) 

study, where it was stated that plants used as green 

manure should store more water and have a C/N ratio 

close to the soil C/N ratio (10-20). Edamame is a type 

of leguminous plant that contains quite high nitrogen 

and a low C/N ratio (Djojosuwito, 2000). 

 

The harvest waste generated from edamame 

cultivation ranges from 25-30%, therefore it has the 

potential to be used as green manure. This was 

consistent with Dahlianah's (2014) study, where it 

was stated that the source of green manure can come 

from harvest residues or abundant production. 

Improvement of soil chemical properties 

The application of livestock manure and edamame 

harvest waste (EHW) improved soil pH (Fig. 1a). The 

treatment of 100% chicken manure + 0% EHW 

increased soil pH compared to 25% chicken manure + 

75% EHW. Furthermore, the treatment of 100% goat 

manure + 0% EHW increased soil pH compared to 

50% goat manure + 75% EHW and 25% goat manure. 

When the percentage of EHW given to the land 

increases, then the soil pH tends to decrease. This 

was due to the ongoing EHW decomposition process. 

The EHW given to the land was fresh without going 

through the composting process first. Therefore, the 

decomposition process occurs when the EHW is given 

to the land. Pasaribu et al. (2018) stated that an 

increase in soil pH would occur when the organic 

matter has been completely decomposed.
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Fig. 1. Changes in (a) soil pH; (b) Exchangeable Al; (c) organic C; (d) Cation Exchange Capacity by the 

application of different manure and edamame harvest waste. The line above the bar chart is the standard error of 

the treatment (n=3). The same letter above the bar chart shows that the treatment has no different effect based 

on Duncan's Multiple Range Test (DMRT) at α of 5%. 

 

The increase in soil pH occurred in the EHW 

treatment combined with chicken and goat manure. 

When the amount of manure given increases, the soil 

pH will increase. According to Ano and Ubochi 

(2007), the application of livestock manure (rabbits, 

pigs, goats, chickens, and cows) at doses of 10, 20, 30, 

and 40 tons ha−1 produced a consistent increase in 

soil pH. This was consistent with Saidy (2018), where 

it was that the magnitude of the increase in soil pH is 

determined by the type of organic matter, the amount 

of organic matter, and the amount of soil buffering 

capacity. 

 

All treatments experienced an increase in soil pH 

(Fig. 1a) compared to the initial pH of only 5.49 

(Table 1). The organic matter incubated in the 

decomposition process will release compounds in the 

form of acids or base cations, which will increase pH. 

This is in line with Hamed (2014), which states that 

the nutrient content provided from organic matter 

correlates with the length of the mineralization 

process required. Organic acids, as a result of 

decomposition, can bind H+ ions as a cause of acidity 

in the soil since the pH increases. This is supported by 

Scnitzer (1991) which states that organic acids can 

bind H+ ions through carboxyl groups which have a 

negative charge. Furthermore, Bayer et al. (2001) 

stated that the increase and decrease of soil pH is a 

function of H+ and OH- ions. When the concentration 

of H+ ions increases, the pH will decrease, and when 

the concentration of OH- ions increases, the pH will 

increase. Organic matter decomposed will produce 

OH- ions which can neutralize the activity of H+ ions.  

 

Meanwhile, the acids will also bind Al3+ and Fe2+ to 

form complex compounds (chelates) since the ions 

are not hydrolyzed. 
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Fig. 2. Changes in (a) Mineral N; (b) Available P; (c) Exchange bases; (d) Base saturation with the application of 

different manure and edamame harvest waste. The line above the bar chart is the standard error of the treatment 

(n=3). The same letter above the bar chart shows that the treatment has no different effect based on Duncan's 

Multiple Range Test (DMRT) at α of 5%. 

The application of livestock manure and EHW did not 

improve the exchangeable Al of soil (Fig. 1b). This was 

because the organic matter in the form of EHW given 

to the land was not completely decomposed. Tan 

(2010) stated that mature organic fertilizers could 

reduce the exchangeable Al. This is because organic 

fertilizers produce acids that will form chelate 

compounds with free Al since it decreases.  

 

The data pattern formed due to the application of 

livestock manure and EHW tends to increase in 

exchangeable Al content along with the increase in 

the amount of EHW (Fig. 1b). This was inversely 

proportional to the soil pH due to the application of 

livestock manure and EHW. The data showed that the 

decrease in soil pH is accompanied by a decrease in 

the amount of EHW. Therefore, a decrease in soil pH 

increases Al-dd. However, the exchangeable Al in the 

soil is in very low due to the presence of lime. The 

lime given was 600 kg ha-1 since it reduces the 

exchangeable Al of the soil. Adiningsih and Prihatini 

(1986) stated that there is a very significant 

relationship between lime and Al levels with Al 

saturation. The process of liming is effective in 

reducing soil acidity (Wade et al., 1986), and the 

application equivalent to 1 x exchangeable Al can 

reduce Al saturation from 87% to <20% (Adiningsih 

and Prihatini, 1986). 

 

Another assumption that caused the low 

exchangeable Al content was the increase in soil 

organic C due to the application of livestock manure 

and EHW (Fig. 1c). Hakim et al. (1986) stated that 

organic matter given to the soil would react with 

metal cations to form synthetic compounds. 

Furthermore, metal cations such as Fe, Al, and Mn 
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become insoluble, and their applications increase the 

formation of chelates which can suppress the 

solubility of aluminum in the soil solution. 

 

The application of manure and edamame harvest 

waste (EHW) improved soil organic C (Fig. 1c). 

Meanwhile, the treatment of 100% chicken manure 

increased soil organic C compared to 25% chicken 

manure + 75% EHW. The treatment of 100% goat 

manure increased soil organic C compared to 50% 

goat manure + 50% EHW and 25% goat manure + 

75% EHW. This was because chicken and goat 

manure is given to the land were decomposed and 

they increased organic C in the soil. Furthermore, the 

amount of chicken and goat manure given to the land 

was appropriate, and it caused an increase in soil 

organic C content. This was consistent with Bakayoko 

et al. (2009); Schulten and Leinwber (1991), which 

stated that the addition of manure to the soil can 

increase soil organic matter or slow down the 

depletion process. Ewulo et al. (2008) found that the 

provision of 10, 25, 40, and 50 kg ha-1 of chicken 

manure resulted in an increase in soil organic matter 

compared to the control treatment. 

 

However, EHW with very high organic C (29.67%) 

cannot increase soil organic C due to incomplete 

decomposition and fast incubation time (14 days). 

This was confirmed by Prager et al. (2012) that 

reported the potential of Sorghum bicolor, Crotalaria 

juncea, and Canavalia ensiformis as green manure in 

the tropics. The study showed that soil treated with 

Sorghum bicolor associated with mycorrhizae 

increased the organic C content after being 

decomposed in the soil for 45 days. Therefore, the 

EHW given to acid dry land was completely 

decomposed since soil organic C with a higher EHW 

composition tends to be lower than those with a 

higher composition of animal manure. However, all 

treatments resulted in significantly higher soil organic 

C compared to the initial of only 0.55% (Table 1). 

Therefore, the application of livestock manure and 

EHW can increase soil organic C in acid dry land. The 

application of manure and edamame harvest waste 

(EHW) improved the cation exchange capacity (CEC) 

of the soil (Fig. 1d). The treatment of 75% goat 

manure + 25% EHW had the highest CEC value of 

22.43 cmol (+) kg-1 (categorized as moderate), while 

the treatment of 75% cow manure + 25% EHW had 

the lowest of 16.27 cmol (+) kg-1 (categorized as low). 

However, several studies showed that the application 

of organic matter in the form of cow manure, straw, 

and Flemingia congesta could increase the organic 

matter content and cation exchange capacity 

(Nursyamsi et al., 1997). Miller et al. (2016) found a 

linear and significant relationship between the 

application of manure and an increase in CEC value 

after 13 years. Meanwhile, no significant relationship 

was found when the observations were only one year. 

Therefore, the application of livestock manure and 

EHW to acid dry land is very good to be conducted 

sustainably to improve soil properties and support 

optimal plant growth and yields. 

  

The cation exchange capacity of the soil in several 

treatments tended to have a higher value compared to 

the initial CEC of 18.05 cmol (+) kg-1 (Table 1). 

Harada and Akio (1975) stated that the value of cation 

exchange capacity (CEC) was influenced by clay 

minerals and soil organic matter, organic matter. 

Furthermore, the increase in the CEC value was 

influenced by the decomposition process of each 

organic matter which produces humic compounds to 

increase soil CEC. The increase in CEC was also 

caused by an increase in the negative charge of soil 

colloids. This negative charge comes from the 

carboxyl (COOH) and hydroxyl (OH) groups present 

in organic compounds. Furthermore, Stevenson 

(1994) stated that the presence of functional groups of 

organic compounds could produce several negative 

charges on soil colloids. This is consistent with Brady 

and Weil (2002), which states that the dissociation of 

COOH and OH groups from organic compounds can 

increase the negative charge in the soil, thereby 

increasing the CEC. 

 

The application of livestock manure and edamame 

harvest waste (EHW) improved the availability of 

nitrogen in the soil, both N-NH4
+, N-NO3

-, and total 

mineral N (Fig. 2a). Furthermore, the application of 
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chicken manure with a combination of EHW tends to 

have higher mineral N than cow and goat manure. 

This was consistent with Hou et al. (2012), which 

states that the application of chicken manure 

combined with inorganic fertilizers can significantly 

increase the N content of the soil. Busari et al. (2008) 

stated the increasing application of poultry manure 

from 5 to 10 tons ha-1 led to a significant increase in 

soil nitrogen. Fig. 2a showed that along with the 

increase in the composition of manure, the N-NH4
+,  

N-NO3
-, and total mineral N also increased. 

 

The application of livestock manure and EHW did not 

affect soil mineral N because the organic matter 

decomposition process was too short (14 days). 

Therefore, the nitrogen content in livestock manure 

and EHW cannot affect the availability of nitrogen in 

the soil. Hasibuan (2015) stated that the application 

of livestock and green manure from Gamal and 

Angsana leaves increased the availability of nitrogen 

in the soil after 6 weeks (42 days) of incubation. The 

testing results of the nutrient content in manure 

(Table 2) showed that the nitrogen content of the 

three manure types did not fulfill the requirements of 

the Ministry of Agriculture Regulation (2011). 

Therefore, it is suspected to be the cause of the lack of 

nitrogen availability in the soil. 

 

The application of manure and EHW did not improve 

the availability of phosphorus in the soil. Similar to 

the availability of nitrogen minerals (Fig. 2a), the 

availability of phosphorus also has a similar graphic 

pattern (Fig. 2b). The application of chicken manure 

with a combination of EHW tends to have a higher 

available P than cow and goat manure. This is 

because chicken manure of 4.88% has the highest 

phosphorus content compared to other livestock 

manure (Table 2). Furthermore, it was proved that 

the decrease in the percentage of chicken manure 

application caused the chart pattern of available P to 

decrease. 

 

Phosphorus is one of the essential nutrients derived 

from rocks and minerals contained in the soil. This 

nutrient causes acid mineral soil to have low 

phosphorus content (Table 1) because it comes from 

the low parent material. According to Firnia (2018), a 

common problem faced by phosphorus is that not all 

soil phosphorus can be available for plants. Buckley 

and Makortoff (2004) stated that manure is an 

important source of phosphorus nutrients. However, 

the excessive application causes problems in the 

availability of P and also by lowering the N:P ratio in 

manure compared to the ratio in plants. This is 

because plants will take up more N than P from 

manure since it should be applied in large quantities 

to supply the N needed by plants. 

 

The application of livestock manure and EHW did not 

improve the availability of exchange bases in the soil, 

either Ca, Mg, Na, and K (Fig. 2c). This was due to the 

ongoing decomposition process of organic matter 

since the soil exchange bases do not have a significant 

change. Sevindrajuta (1996) stated that weathering 

results from enzymatic reactions liberate simple 

compounds such as Ca, Mg, and other nutrients. 

Furthermore, the decomposition process of organic 

matter in the soil will release nutrients such as N, P, 

K, Fe, Ca, Mg, and others into inorganic forms since 

they can be available for consumption by 

microorganisms and higher plants. 

 

Miller et al. (2016) stated that the exchangeable Ca, 

Mg, and Na concentrations were lower in areas 

treated with poultry manure compared to control 

treatments. Furthermore, this study showed an 

increase in CEC with the application of cow manure. 

The possible estimation was that chicken manure has 

a higher C/N ratio than cow manure. A higher C/N 

ratio slows decomposition and lowers CEC. 

Furthermore, the decomposition of organic matter 

can increase the CEC due to the increase in negatively 

charged ions in the carboxyl and phenolic groups. 

 

The application of manure and EHW did not improve 

base saturation in the soil. Fig. 2d showed that base 

saturation in chicken manure treatment tends to be 

higher than in others. Base saturation of all 

treatments was included in the moderate-very high 

category. Therefore, the application of livestock 
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manure and EHW can improve the base saturation of 

acid dry land, but it is not statistically significant. 

Hardjowigeno (2010) stated that bases are easily 

washed since it causes low base saturation. The 

adsorption complex of soils with low base saturation 

is mostly filled with acidic cations, namely Al3+ and 

H+. Too many acid cations, especially Al3+, cause 

plants to be poisoned. This was consistent with 

Hardjowigeno (2010), where the adsorption complex 

is mostly filled with acidic cations, such as Al3+ and  

H+ found in acid soils.  

 

Conclusion  

The application of livestock manure combined with 

edamame harvest waste in acid dry land improved 

some chemical properties of the soil. The treatment of 

100% chicken manure + 0% EHW increased soil pH 

by 9% compared to 25% chicken manure + 75% EHW. 

Furthermore, the treatment of 100% goat manure + 

0% EHW was also able to increase soil pH compared 

to 50% goat manure + 50% EHW and 25% goat 

manure + 75% EHW by 11.69% and 14.28%, 

respectively. Furthermore, the treatment of 100% 

chicken manure increased soil organic C by 38.16% 

compared to 25% chicken manure + 75% EHW. The 

treatment of 100% goat manure increased soil organic 

C compared to 50% goat manure + 50% EHW and 

25% goat manure + 75% EHW by 36.23% and 

55.83%, respectively. 
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